Reiterated DNA sequences are dispersed throughout the human genome and have been found to be individually specific in their distribution.' One such sequence is the polymorphic locus 5' oncogene. 6'7 It is composed of a tandemly repeated 28 bp oligonucleotide. One difficulty encountered in previous studies of the insulin gene hypervariable locus has been the problem of differentiating alleles of the same insert class. We have used two approaches to solve this problem. The 
Results
Autoradiography of a Southern blot containing DNA digested with the restriction enzyme PvuII and hybridised to Phins 310, labelled with 32p, resulted in hybridisation fragments of about 800 bp for a class 1 insertion and about 2200 bp for a class 3 insertion (fig la) . About 50% of the parents of the pedigrees were unambiguously heterozygous at this locus. However, it was not possible to differentiate class 1 inserts that differed in size by less than about 50 bp.
Autoradiography of Southern blots containing DNA digested with the restriction enzyme MspI and hybridisation to a genomic DNA probe for c-Ha-ras-1, labelled with 32P, resulted in hybridisation fragments of very variable size. In the pedigrees we investigated, fragments between 900 and 3300 bp were obtained (fig lc) . MspI cleaves the c-Ha-ras locus at a number of sites (fig lb) , resulting in the generation of many small fragments. Most of these are not detectable, but the fragment containing the polymorphic locus is sufficiently large to give a hybridisation signal.
Haplotypes, comprising the alleles at the hypervariable insulin and c-Ha-ras loci, could thus be defined for each subject. These haplotypes were assigned letters (a, b, c, d) for simplicity (fig 2) , but represent different combinations of alleles for each family.
Segregation analysis of the pedigrees revealed that, within a particular family, subjects haploidentical to the diabetic proband on both their homologous chromosomes had a 4/13 (31%) chance of also having diabetes, whereas if they were haplo-identical to the proband on one chromosome, or non-haplo-identical, their chance of diabetes was 9/38 (33%). This difference, however, failed to reach statistical significance. Similarly, subjects who were haplo-identical to the diabetic proband on one or both chromosomes had a 12/48 (25%) chance of diabetes, whereas 1/3 (33%) of subjects who shared no common haplotype with the proband had diabetes (table 1). These data suggest that the inheritance of type I diabetes mellitus is not strongly related to the insulin-c-Ha-ras locus.
A similar analysis was performed for the HLA locus on chromosome 6 (table 2). It was found, in contrast, that a significantly greater proportion of first degree relatives who were HLA identical to the diabetic proband were also diabetic (6/8), compared with those who were HLA non-identical (7/48) (p<O.OOl).
The inheritance of the insulin-c-Ha-ras haplotypes were found to be Mendelian in all cases and no recombinational events were detected in the pedigrees examined in this study, confirming the close linkage between the insulin gene and c-Ha-ras loci.
The mean size of the class 1 insulin gene related polymorphic insert was 810±62 bp for the affected family members and 790±55 bp in the unaffected subjects (p> 0-05) (fig 3) . Similarly, there was no significant difference in the mean size of the insert at the c-Ha-ras related polymorphic locus (affected 1320±510 bp, unaffected 1360±520 bp). T'h e-Ha-ras alleles were used to identify insulini gene related alleles unambiguously. Subjects HLA haplo-identical on both homologous chromosomes (chromosomes 6) were defined ais HLA identical, other subjects as HLA non-identical. Similarly, subjects ins/c-Ha-ras identical on both homologous chromosomes (chromosomes 11) were defined as ins-C-Ha-ras identical and others as c-Ha-ras non-identical. 2 x 2 contingency tables were constructed. cotitiiiiting numbxrs of faimily mnembcrs who were diatbetic or unatffected. either HL.A identicaIl or non-identical. or ins/c-Ha-ras identical or non-identical. A Fishier's exact tcst wais thcni applied. p<()X(X)l and p> 005 respectiveiv. Analysis of the population data showed no significant difference between the size of the class 1 insert in type I diabetics (mean 789±67 bp) compared to normal controls (mean 791±78 bp, p>0-05). However, we confirmed the finding of previous studies that the class 1 insert is more prevalent in type I diabetics compared with Caucasian controls, comparing allelic frequencies in a 2 x 2 contingency table and applying a x2test (p<005).
Discussion
One difficulty encountered by Hitman et at5 has been overcome by using a combination of gene probes in order to track the inheritance of hypervariable insulin alleles through pedigrees. The ability to differentiate these alleles, even though they may be of the same subclass, has permitted the inclusion in our analysis of families that were initially uninformative in Hitman's study. The inability to distinguish between subclasses of insulin allele has previously been cited as a reason for the discrepancy between the results of population and pedigree studies. However, using a more refined technique, we have found no difference between the distribution of insert sizes in type I diabetics compared to non-diabetics, either within pedigrees or populations. Analysis of the c-Ha-ras locus in the pedigrees suggests that if a diabetogenic locus exists on the short arm of chromosome 11, it is probably not 5' to the insulin gene.
Segregation analysis of the pedigrees showed that irrespective of whether a person shared the same insulin-c-Ha-ras haplotype as an affected family member, the chance of him also being diabetic was still about 1/4, suggesting that if the polymorphic locus of the insulin gene is involved in the genesis of type I diabetes, it is probably a minor component. There is strong evidence that type I diabetes is either a bigenic or polygenic disease. Chromosome 6 markers have been strongly implicated in the aetiology of the disease" and the HLA locus should also be considered. A segregation analysis considering this locus showed that persons who were HLA identical to the diabetic proband were more likely to be diabetic than if they were HLA non-identical. Our data therefore suggest that the HLA locus is of greater importance to the inheritance of type I diabetes mellitus than the chromosome 11 short arm markers.
The paradox of disease association between the class 1 insert and type I diabetes in prevalence studies, but 
